The Casablanca landfill is one among many uncontrolled dumping sites in Morocco with no bottom liner. About 4000 tons/day of solid wastes from mixed urban and industrial origins are placed directly on the fifteen old sandstone quarries. At the site of this landfill, the groundwaters circulate deeply (<10 m) in the fractured aquiferous quartzites, the site has never been sealed before its opening. The aim of this study is the characterization the groundwater quality around the landfill, to delimit the contaminated zone and the factors controlling the extent of groundwater contamination. To evaluate groundwater pollution due to this landfill, piezometric level and geochemical analyses have been carried out on 19 wells. The results of geochemical analyses show an important qualitative degradation of the groundwater, especially in the parts situated in the down gradient area and in direct proximity to the landfill. In these polluted zones, we have observed the following values: higher than 11 mS/cm in electric conductivity, 1400 mg/L in bicarbonates, 275 mg/L in chemical oxygen demand, 2616 and 100 mg/L respectively in chlorides and sulfate, 269.5 mg/L in nitrates, 50 -100 mg/L in cadmium, and 40 -230 µg/L in chromium. These concentrations widely exceed the standard values for potable and irrigation water. Several determining factors in the evolution of groundwater contamination have been highlighted, such as: depth of the water table, permeability of unsaturated zone and lineaments, effective infiltration, absence of a system for leachate drainage. So, to reduce the pollution risks of the groundwater, it is necessary to set a system of collection, drainage and treatment of landfill leachates and to emplace an impermeable surface at the site of landfill, in order to limit the infiltration of leachate.
Introduction
The quantity and quality of municipal solid waste depends upon various factors such as population, life style, eating habits, standard of living, the extent and intensification of economical activities, the cultural tradition of the inhabitants, climate [1] [2] [3] [4] [5] . The demographical development and the intensification of the economical activities in Morocco, are accompanied by an increase of solid waste production [6] [7] [8] with 4.5 millions tons per year of urban wastes. The composition of household waste [9, 10] , consist mainly of organic matter (50% -70%), paper (5% -10%), plastics (6% -8%), metals (1% -4%) and glass (1% -2%). The production of industrial waste is about one million tons per year, with 12.3% of hazardous waste. This waste is composed mainly by food waste (55%), parachemical and chemical waste (32%).
The Casablanca landfill has starting since 1986; it receives the waste from the city of Casablanca and its surroundings, in which the people (3, 616 ,000 inhabitants) [11] and life style are continuing to grow. Indeed, the daily quantity of the wastes dumped into the landfill has increased from 2.1 T in 1989 to 2600 T in 2000 to more than 3200 T in 2010 of waste of different categories and from different sources [12] . The site of landfill is considered the largest nationwide, it has no waterproof device or system for collecting landfill leachate, which is estimated daily amount of 1277 m tural landfill that is located within one mile of the Mediouna center (Figure 1) , in the middle of residential areas. This urban location can constitute a risk for the neighboring population [2, [14] [15] [16] .
The site is composed of 15 quarries, which add up a volume bordering 3 million m 3 out of 78 hectares, of which 60 are assigned to the landfill. Nearby passes the main road (P.R.7), which is considered as a high quality axis connecting Casablanca to Marrakech, an intense traffic road [17] . Here, wastes have been landfilled since 1986 that include domestic, industrial and hospital refuse with no preliminary treatment [13, 14] . Currently, the landfill receives 3,200 tons per day of refuse, which results more than 1300 m 3 /day [18] of landfill leachate. The climate is of semi-arid type with an annual rainfall of 323.5 mm, a mean temperature of 19˚C and high atmospheric humidity. The dominating wind direction (NorthNorthest) blows from the landfill towards the Mediouna [14, 19] .
The studied zone, which is a part of the Moroccan coastal Meseta, is formed by a Paleozoic substratum overlaid by Mesozoic and Plioquaternary subtabular beds. Indeed, The primary formations constitute the substratum of the landfill. They are Cambrian and Ordovician marine sediments affetced by the Hercynian Orogeny. They were compressed and their transformation gave rise to Acadian green schist surmounted by quartzite, between psammitic series. They were folded, faulted and tilted. Their reliefs were eroded, peneplained with a well marked surface constituting a diastheme [20] [21] [22] [23] . The Pliocene higher tertiary sector and the quaternary are also marine formations with lumachellic or conglomerate facies covered by sandstones. Card flayed of Plio-Quaternary shows a change in the nature of the aquifer matrix, the quartzitic facies spend just downstream landfill to the mudstone formations. The bottom of the landfill consisted on fractured aquiferous quartzites [14] .
Material and Methods
The study area was the subject of two sampling campaigns; the first in October 2010 is the period of low tide and the second in April 2011 at high tide. The analyses are carried out on a network of 19 wells surrounding the landfill. The majority of sampled wells are used by neighboring population for daily drinking, irrigation, animal alimentation and for agriculture.
The temperature (T), electrical conductivity (EC) and pH were measured in situ using a multiparameter conductimeter (USP 645) and pH meter HANNA (HI 9126 
NO
 ) are analysed by colorimetry method using spectrophotometer (Spectronic 20D). The heavy metals (Fe, Zn, Pb, Al, Mn, Cu, Cd, Cr) were determined using atomic absorption spectrophotometer (Unicam 929 AA Spectrometer).
The piezometric level and thematic maps were gridded using the inverse distance weighted.
Results and Discussion

Piezometric Level Study
Several measurements were made in December 2011 around the landfill for the establishment of the piezometric map (Figure 2) . The overall flow direction of the aquifer is North (from the landfill towards the Atlantic Ocean). Indeed, we observe a bidirectional flow. One from the West with a hydraulic gradient around 2% indicating bad water circulation. The second from the East with a low hydraulic gradient about 1%. So we have a good flow of groundwater in this area.
The map (Figure 3) show that the small depths of the groundwater table (generally inferior to 
Evaluation of the Landfill Leachate Effects
The landfill leachate is a result of leaching of soluble compounds by the percolation non-uniform and intermittent water through the waste and by bacterial degradation of organic substances [15] .
The quantity and quality of leachate depend on the availability of water, weather conditions, waste characteristics, the underlying soils, the degree of fermentation in the landfill, operational procedures, and the coexistence of industrial waste [24] [25] [26] [27] [28] .
The landfill leachate originating from the Mediouna landfill is highly concentrated ( Table 1 ) with chloride (5540 mg/L), sulfate (1320 mg/L) and nitrates (75 mg/L). It's dissolved organic matter content (COD) is 50,000 mg/L while its BOD 5 is weak (34,000 mg/L).
The ratio BOD 5 to COD indicates the degree of biodegradability of the leachate and provides indications regarding the age of a landfill and about biochemical alterations within the landfill. For a young landfill, where biological activity corresponds to the acid phase of anaerobic degradation, the BOD 5 /COD ratio reaches values of 0.85. It does decrease to a value of 0.05 for other landfills (El Jadida, Rabat, Alger, Belfort) for which active methane production in recorded. For the Casablanca landfill the BOD 5 /COD is indicative of a mature landfill with a ratio of 0.68. These suggest that leachate from the Casablanca municipal landfill corresponds to the acid phase of anaerobic. This phase is characterized by a decrease in pH, a acids production and an increase of COD and BOD5 [2, 15] . The maps (Figures 4 and 5) show that a high electric conductivity (more than 8 mS/cm with a maximum exceeding 11 mS/cm), a high chloride content (2500 mg/L), and a high sulfate concentration (156 mg/L) are observed for the wells located down gradient and near the landfill.
Also, high metallic concentrations (0.05 -0.1 mg/L in cadmium and 0.04 -0.23 mg/L in chromium) are observed in these wells.
Such contents of chloride are much higher than the acceptable upper limits suggested by the OMS (600 mg/L). In fact, this is observed for 37% of the 19 monitored wells.
The concentration can exceed 2616 mg/L for chloride and 156 mg/L for sulfate in the vicinity of the landfill owing to the infiltration of highly salt loaded leachate (CE = 34.8 mS/cm, Cl − = 5540 mg/L,
The distribution of the leachate within the unsaturated zone constitutes a salinity plume near the landfill.
The extension and spreading of this plume are clearly evidenced down gradient of the landfill, as expected from the groundwater main flow direction. This migration of pollutants is favored by:  Ascent of the water table within the landfill, at the bottom of the quarries (direct contact of groundwater with landfill leachate);  Low depth of the water table down gradient of the landfill, generally lower than 16 m;  Absence of drainage network and recovery devices of the leachate that forms within the landfill and reaches soils and groundwater;  High permeability of quartzites fractures;  Drainage of the water table from the landfill towards the North. The salinity is mainly determined by chloride and sulfate ions that are very mobile and constitute non-reactive tracers. The comparison of these results with those of other studies in the Eljadida area [29] and in the Rabat area [8] and in the Belfort region [30] , shows that the impact of landfill leachates on the groundwater quality is important, especially for the wells located down gradient and near the landfill. In fact, the Amhoud (1997) data indicate that the electric conductivity and chloride contents of the groundwaters are relatively similar than our values (11 mS/cm in EC and 2500 mg/L in Cl − ). For wells located far from the landfill, high salinity records are related to another source of pollution, agricultural or industrial activities [14] . In fact, the spatiotemporal variations of the chemical elements are connected with the lithological nature of the aquifer, soil nature, Copyright © 2013 SciRes. IJG depth of the water level, frequency of the pumping operations, rainfall, nitrogen fertilization, evaporation [13, 14, 31] . All the monitored wells show nitrate contents exceeding 50 mg/L [32] . These high concentrations were observed (Figure 6 ) especially in:  The areas wich the wells near the habitats (septic tanks);  The agricultural zones where we observe an excessive use of fertilizers;  Down gradient of the Casablanca landfill.
The same results were demonstrated in the other studied regions: Morocco [8, 29, [33] [34] [35] , Europe [36, 37] . In these areas, the principal sources of nitrate contamination are fertilizers and domestic waste waters.
The non-contaminated groundwater generally contains little or no organic matter in semi-arid regions.
However, in wells W4 and W5 located near the landfill (Figure 7) , COD contents that can largely exceed 240 mg/L are found. This is close to the concentration generally observed for Moroccan waste water [35] .
The wells situated down gradient of the landfill display much lower COD content, likely owing to the presence of redox fronts. It could be linked to a distribution of the organic pollution of the landfill, by drainage of the water table. In the studied urban areas where the groundwaters are used for human activities (the case of the public bath in Morocco), some wells contain an important organic matter (oxydability = 35 mgO 2 /L). Such groundwaters must not to be used for domestical activities.
Generally, human activities such as the combustion of fossils fuels, mining and smelting operations, processing and manufacturing industries, waste disposal including dumping, release of domestic sewage, and scrap metal handling are the major source of metals in the environment [38] . Some metals are essential (like Zinc), because they are an integral part of at least one enzyme, and since the primary action of such essential metals is to act as catalyst, only trace amounts are necessary for optimal cellular function [39] . Other metals are toxic, producing a wide range of effects. As elements, metals are indestructible and therefore have the potential for accumulation in the biological tissues and so become toxic when reaching critical concentrations and induce serious diseases: genetic anomalies and cancers risks (cadmium, arsenic); neurotoxic effects, renal failure (lead, mercury…); cardiac and breathing complications (nickel) [39] [40] [41] [42] .
The results shown in Table 2 evidence clearly the important metallic load of Casablanca landfill leachate, in comparison with other landfills in the Alger area [43] , Rabat region [8] , in the Belfort area [30] and in El Jadida area [29] . The measured concentrations show the fol- Landfill of El Jadida (Morocco) [29] Landfill of Rabat (Morocco) [8] Landfill of Alger (Algeria) [43] Landfill of Etueffont (France) [30] Variation of metal concentrations of urban landfill leachates [3] Generally, the metallic load of studied leachate corresponds to a typical composition of leachate generated by urban landfill, like the other urban landfills, nationally and internationally ( Table 2 ). In fact, the concentrations of metallic elements of the studied leachate are globally similar to other leachates generated by other municipal landfills.
The results of the heavy metal analysis of groundwaters are shown in Table 3 . They show that, generally, the undesirable metals (Fe, Zn, Mn, Cu) are predominant in relation to the toxic metals (Cd, Cr, Pb, Al). However, the wells (W4, W5, W12, W13, W14 and W17) that are situated in the neighborhood of the landfill present high concentrations in: These metallic element concentrations exceed significantly the Moroccan and French standards for potable water ( Table 3) . These high concentrations are linked to the contamination by the landfill leachates, which are high in heavy metals [44, 45] . Other factors favor the metallic groundwater contamination [27, 41, 43] :  Direct contact between groundwater and leachate from the landfill at the bottom of landfill carries;  Fracturing and lineaments that constitute the leachate drains;  The proximity of the water table to surface, since water depths range from 0m downstream of the landfill and 10 m upstream;  The high permeability of the surrounding geology.
Conclusions
This investigation strongly suggests that the Casablanca landfill, operational since 1986, shows environmental and health impacts that could be related to observed diseases (BOD5/COD = 0.68), especially due to its location within a residential zone. This landfill produces a highly polluted leachate, which is not, or only weakly biodegradable.
Our hydrochemical study shows that groundwaters in the vicinity of the landfill are characterized by high contents of organic and inorganic chemicals: more than 11 mS/cm in electric conductivity, 2500 mg/L in chloride, 156 mg/L in sulfate, 0.05 -0.1 mg/L in cadmium and 0.04 -0.23 mg/L in chromium. The main pollution source is linked to the infiltration of leachate that conveys a strong polluting load and to the direct contact of the leachate with waters of the aquifer in the landfill carriers.
This groundwater pollution and its distribution in the unsaturated zone are favored by: low depth of water table, high soil permeability, fracturation of aquifer matrix, absence of drainage systems of the leachate, direct contact of groundwaters with leachate at the bottom of landfill carriers, semi-arid climate.
The effect of other potential sources of groundwater pollution has been shown: septic tanks, excessive use of fertilizers in agriculture practice and industrial activities.
The use of mathematical modeling investigations, should allow better constraint of groundwater dynamics as related to climate variations, leachate contamination and geology.
So as to palliate to the pollution risks of the groundwater, it is necessary to:  stop immediately to dump wastes in this urban landfill;  set a system of collection, treatment and drainage of landfill leachates;  set an impermeable surface at the site of landfill in order to limit the infiltration of leachates and to avoid the contamination of groundwaters;  control the groundwater quality and survey its evolution (especially the metallic elements) in time and in space, by choosing a representative network of wells. A particular attention should be paid to the wells situated down gradient of the landfill and in the direction of groundwaters flow.
